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EEEB273 — Test 2

Question1  [40 marks]

(a) The differential amplifier shown in Figure 1 has a pair of pnp bipolars as input devices and a
pair of npn bipolars connected as an active load. The circuit bias is Ip = 0.15 mA, and the
transistor parameters are =100, and V4= 100 V.

(i) Draw the active load circuit to complete the circuit in Figure 1. [6 marks]
(i) Find the open-circuit differential-mode voltage gain, A4,. [8 marks]
(ili) Calculate the value of a load resistance R, connected to the output ve if the differential-

mode voltage gain A, is to be reduced to 524 V/V. [6 marks]

Answer for Question 1(a)(i)

1
i 0

The npn two-
transistor active load

Answer for Question 1(a)
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EEEB273 — Test 2

Answer for Question 1(a)

Q1(a)@)

3 marks: correct label
3 marks: correct placement

Q1 @)

po= Va2 Ve o 10 g sasm0 2
Ieos 1,12 015m/2

Ve Ve o 100 g aasi0 2]

ro4 = =
Ieps 1,12 0.15m/2
. ]CQZ . ]Q . 0151’1’1
&2 =y T T oy T 2(0.026)
A, =g ,(r, | 7.)=(2.8845m)(1.333M ||1.333M) =1923 [2]

=2.8845mA IV [2]

Q1 (a)(iii)

Ay =80, I, IR, [2]
524 = (2.8845m)(1.333M ||1.333M || R,) [2]
R, =250kQ2 [2]
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EEEB273 — Test 2

(b) For the differential amplifier with cascode active load in Figure 2 it is given that the circuit
parameters are: ¥'=3 V, V" =-3V, and Ip =1 mA. NMOS transistor parameters are: Vyy =
0.7V, k’, =130 yA/VZ, (W/L), = 100 and 4, = 0.1 V'; and the PMOS transistor parameters
are: Vep=-0.8 V, k’, =35 uA/V?, (W/L), =200 and 4,=0.2 V'

(i) Find the differential gain A,. [8 marks]

(i) 1t is given that the common-mode gain, 4., for the circuit is -0.002. Calculate the
common-mode rejection ratio, CMRR in dB. [4 marks]

(iif) 1t is given that the voltage across the constant current source Ip, V;0=0.6 V. Figure 2

shows where the Vg is. Calculate the maximum and minimum output voltage v,. State
any assumptions.

[8 marks]
Answer for Question 1(b)
, V"
s || m,
wy | —| m
e R
—0 U” a0
T —— P2
Uy —l Mi M, I_ Us
+
Vio lo
e
Figure 2
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Answer for Question 1(b)

Q1(b)(i)

4, :gml(roz Ro) [1]
IDl:IQ/ZZID2 =1,;=1,,=1,=1,,=1mAl2=0.5mA

g =2 K0, =2 \/(%j(%j I, =2 \/(@jaooxo.sm) _3.61mA/V [1]

1 1

v, = = =20k [1]
A1y, (0.1)(0.5m)

Vo= L L =10kQ=r, [1]
AL, (0.2)(0.5m)

g =2 KT, =2 \/L%J@) I, = 2\/(3%)(200)(0.5171) _ 2.65mAlV [1]

R =g, .. =(2.65m)(10k)(10k) = 265kQ2 [2]
A, =(3.61m)(20k || 2.65k) =67.W 1V [1]

Q1(b) (ii)

CMRR:\Ad\:\ 67.1 |
4, |l-0.002

CMRR,; = 2010g|CMRR| = 2010g(33550) = 90.54B [2]

= 33550 [2]
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Q1 (b)(iii)

V.(max)=V" -V (sat) =V, (sat) [1]

k \(w
VSG4 = VSG6 =1y, = (?pj(fj (VSGl +Vip )2
4

35

7“)(200)(%64 +(-0.8)

— Ve =1.178V  [1]

VSD4(sat) =Vsoq +Vp =1.178+ (-0.8) =0.378V = Ve (sat) [1]
V (max)=3-2(0.378) = 2.24V [1]

OBmz(

V,(min) =V, (sat)+V,, + V"~ [1]

kK \w
Voso = 1py = (_nj(_j (VGSZ —Viy )2
2

2 \ L
0.5m = (@jaom(rfm ~0.7¥

— V., =0.977V [1]

Voso(sat) =V, =V, =0.977-0.7=0.277V [1]
V. (min) =0.277+0.6 + (-3) =—2.12V [1]
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Question2  [30 marks]

The circuit in Figure 3 shows a simple multi-stage BJT op-amp, consisting of three different
stages. It is given that for all transistors: £ =100, r,= 500 kQ, g,,= 5 mA/V, and r,= 3 kQ.

Figure 3

(@ Itis also given that R;= 250 Q and Rs= 10 kQ. For @, the Early voltage V4 is assumed to
be infinite. Calculate the small signal input impedance at the collector of @, i.e. R.7 as
indicated in the Figure 3. [12 marks]

(b) Calculate the small-signal voltage gain of the gain stage, A, = Vo3/Vo,. Given that:

Vos =1.4R;
Voo =1i6R,
[10 marks]
(© Determine the output resistance of the amplifier, R,
[8 marks]
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Answer for Question 2

Q2(a)
R, = r011(1+ gmllRJ'E ) [2]
R, =r,,|R, =3k|250 = 230.80 [2]
Ry =1, (1+ g,11 R, )= 500k (1+ (5m)(230.8)) = 1.077 MQ [2]
R, =74 +(1+ )R, =3k + (101)(10k) =1.013MQ [3]
R17 = Rent || Res = 1.077M || 1.013M = 522 kQ [3]
Q2(b)
Via=1:R;= (ﬂlm )RL7 = ﬂ(l"' ﬂ)1b6RL7
4 Vs BUEPIR, [3. 2]
' VOZ Ri
R =rq+7r.(1+ f)=3k + (101)(3k) = 306k [3]
4= V,s _100(101)522k _ 17229 [2]
v, 306k
Q2(0)
ro+27Z
R =R,| 2 3
= vl el
Z=Ra1 || R=Ra1 [1]
Rc7 =7Vy7= 0 [1]
Rai1=ro (1 + gmllR,E) =1.077 MQ [1]
R =10k FFLOTTM 5 167400 2]
(101)
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Question3  [30 marks]

A class-A emitter follower biased with a constant current source is shown in Figure 4. Assume
circuit parameters of ' =12V, V" =-12V, and R, = 50 Q. The transistor parameters are § = 40,
Ve (on) = 0.7 V, and v¢g (sat) = 0.7 V. The minimum current in @ is to be ig; (min) = 20 mA.

(a) Determine the value of R that will produce the maximum possible output voltage swing. What
is the value of Ip? [12 marks]

(b) For output voltage vo = 0, find the power dissipated in the transistor @, and the power
dissipated in the transistor Q.. [6 marks]

(c) Determine the power conversion efficiency () for a symmetrical sine-wave output voltage
with a peak value of 10 V. [12 marks]

Answer for Question 3

V+
vy Q0

V+

l g
R ovp
I l

l [Q %RL

Qs 0, =

Vv
Figure 4
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Answer for Question 3

Q3(a)

iy = IQ +1,

ig(Min) =1, +i, (min) [2]

i, (min) = v, (Min) _r + Ve, (MIN) _~-12+0.7 _ _226md [2]
R, R, 50

1, =i (min)—i, (min) = 20m4 — (-226mA) = 246m4 [2]

I, =1,+21p)[2]

I, =(246mA)(1+2/40) = 258.3mA [1]

V" =Vges(on) =V~

R= 2
I [2]
__12207=(H2) | 283V g6 505001]
258.3mA  258.3mA
Q3(b)

Pooy =Vepd oy = Vel gy = (V" =), +1i,) = (12-0)(246m +0) = 2.952" [3]
Proy =Vepdcy =y =V ), +i,) =(0-(-12))(246m + 0) = 2.952W [3]

Q3(c)

L
~ L g00% =3
n== [3]

N
. 2
" [v,] _10x10 _ [3]
2R, 2x50
FS is calculated using power dissipated in Qland Q2:
Py = Pogy + Py = (V" =V 7)1, = (12— (~12))(246m) = 5.904 [3]
w

7= x100% =16.937% [3]
5.9041

OR FS is calculated using power dissipated in ALL transistorsand R :

Py =Py + Py + Pogar = (V" =V ) + 1) = (12— (~12))(246m + 258.3mA) =12.1032 [3]
w

12,103

7 x100% =8.262% [3]
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BASIC FORMULA FOR TRANSISTOR

BJT MOSFET
l'C — ]SeVBE/VT ’ npn , N — MOSFET
' — ] eVEB/VT ’ pnp VDS (Sat) = VGS o VTN
=qi, = ﬂlB ip =K, [vgs — VTN]2
i, =iz +i, K _k W
"2 L
_ P
B+l
ﬂ ‘P - MOSFET
:Small signal Vep (Sat) = v, +Vip
’ﬂ:g ; lD:Kp[vSG+VTP]2
g — ]ﬂ KP = % ) %
m VT
r Vr ; Small signal
S |
co g = 2
A 1
=
e Ay,
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